

















































 Economic hypothesis humans & org –  
riskmaypartlyadjustwhenanimprovem
 RiskHomeostasis(Wilde1982)













anizations optimize economic value  
entismade









 NoFault Auto Insurance 
 Leadsto6%increaseintrafficfatalitie
Cohen&Dehijia,J.ofLaw&Economics2





































































































 Equation will certainl be alid about an
  
  y v  
 Mayormaynotworkwellforlargedelt
 Costofinnovationaxiom:(equilibriu
C i ill i i i orporat onsw engage n nnovat on
noincrementalprofitPF fromdoingso
 SubsumeallcostsinPF exceptcostofthe
 P C = 0  C = PF – R   R  F
 Similarinconcepttomarginalutilityof
 DevelopmentCrashRateapproxim
 Di id d l p t t C b p blv e eve o men cos  dev y ro e
Cd
 Togettotalfeaturecostaddmanufactur
 Rewrite: Rd  (CF – M)/Cd  
ations
operating point  :
as
mcondition)




(b ) t R t t t p d l p t bm ug ra e d oge cos  er eve o men  ug











RO  DRd (useconsistentunits– perho
 SubstitutingforRd wehaveRO  (CF –












M)D/Cdor CF  ROCd/D+M
al failure rate RO and cost of features CF      
ecostofinnovationaxiom
The Crash Rate Mod
 First,aprofitaxiom
   
 Economicutility(Value)tousersofth
 Seller/producerwillsetprice =VF tom
 Combine previous axioms & so   
 Applytheinnovationaxiomtogetcos
 Useoperationalcrashrateaxiomtore
S l f h t R (V M C o ve orcras ra e: O F – – R
 ExpresscrashcostsascostpercrashC
FV MR  
/O C dC C D


h cost per failure (e g air
High






aximizeprofit:PF =VF – CF
lve for crash rate:  
tofcrashcrashes(failures):CR =VF – CF












The Crash Rate Mod
 First,aprofitaxiom
   
EXPLAINS:
How 6 sigma reliability helped Japanese auto
 Economicutility(Value)tousersofth
 Seller/producerwillsetprice =VF tom
 Combine previous axioms & so




Why you may not want to take a “fast tracked   
 Applytheinnovationaxiomtogetcos
 Useoperationalcrashrateaxiomtore
S l f h t R (V M C
.         
. WhyyourPCandphonecrashalotandaresu
(highVF,loweverythingelse)
 o ve orcras ra e: O F – – R
 ExpresscrashcostsascostpercrashC
FV MR  
/O C dC C D


h cost per failure (e g air
High





makers become largest in world (low “D”)egivenFeatureset:VF
aximizeprofit:PF =VF – CF
lve for crash rate:
     
stthisadvantage
ensivebutreliableproducts(highM&CC)
” drug (C too low D too high?)  
tofcrashcrashes(failures):CR =VF – CF
placeCF:CR =VF – (ROCd/D+M)
)D/C















 The formula assumes operation at the op
  































































P i d V i h f erce ve  F r sesas ope orcureper
 Airtransportation?












d l t d t k i t tsua espeop e oun er a eexpens ve rea m
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fl h k k $ / 1 ig tawee gives10x50x250 = 250M yrn
 Passengerssignwaiverofliabilitybutthisisnote
 Atfaultaccidentliabilityestimatedat$1Bandno
 Hotel & investors insist R << 1 / 5 yea    O    
 1/25yearswouldbe1/1250flights,still1000x
 Testingprogram
 10 test flights revealing 5 major but not fatal pro  ,      
 Youareconfidentfromriskanalysisandtestresu
$1 .75MR 













rs to guarantee profits after liability    
moreriskythana1000mileautotrip(1fatalcrash/100Mm
blems giving C = $50M,  d 
ltsthatD<.1(onemoreprobleminanother10flights)
.25 1M








O th t’ l 600 fli ht ith
$1 $50 / .1B M
 ops, a son y  g s,w acra
 Ticketsalestopoutat100duetoperce
 Hedgefundofferstorescuecompany,




$5 .75 4.25 1






$.95 .75 .2 1









V MR .25 1M 
facompetingspacecraft:
h t d 12
/C dC C1.5 6000B














 Still extremely useful for detecting direction of c     
 Staticequilibriumequationonly
 Doesnotconsiderdynamics(speed),buthuman
 All eggs in one basket equation portfolio (Marko     , 
 DeterminationofDisnotstatistically
 Infeasibletomountthousandsoflargemissions
 Use engineering analysis & inference methods al     
$5 .75 4.25 1






$.95 .75 .2 1










hange and incremental amount of change
/C dC C
    
srespondremarkablyfast,consideraviationinferences
witz) approach unused by NASA since early 80s      
valid






& d ti k t i $50kre uce c e pr ce
A Methodology Sug


























































Function similar to Shuttle SE&I 
testprog
































































 Economic theory (supply curve more is more dif   ,   
 Neededtoproviderapidadaptationto
 20yearsistoolongto“gainexperience”withcu
 Cheap vehicles need many test flights    
 Expensiveverificationisincompatiblewiththeco
 Alternative(usedintheexercise)istogetDvery






























































ficult) is at odds with Engineering experience (learning curve)
/C dC C
       
newtechnology
rrent&proposedratesofintroductionofnewtechnologies
to lower D  
ncept“cheap”– relyingonCC restrictsvalueofmissionsVF
low,takingadvantageofthelowcostofmissionsforverificat

















































































Summary of Enginee  
creative
d
V
esign
F
OR C C



crashrate
C
safety
engineering
social
engineering
ring Effects 
industrial
engineering,
M
automation&
labormanagement
/ D
systemengineeringand
projectmanagement
d
testand
process
ffi i
verification
e c ency
